The p53 tumor suppressor is an essential barrier against cancer, which is evidenced by loss of p53 activity in the majority of human cancers and unexceptionally early onset of tumors in p53-knockout mice and human Li-Fraumeni syndrome patients. p53 is a sequence-specific transcription factor that regulates gene expression via binding to the consensus p53-responsive element (p53-RE). p53 acts as a central signaling coordinator that receives upstream signals, including DNA damage, aberrant oncogenic activity, hypoxia and ribosomal stress, and consequently activates its targets leading to downstream cellular outcomes, including cell cycle arrest, DNA repair, apoptosis and cellular senescence. However, it is not yet clear how p53 dictates a cell to survival vs. death in response to a specific stress.

It has been shown that the ability of p53 to regulate target genes can be modulated by posttranslational modifications. For example, acetylation of p53 on lysine 120 by Tip60 is crucial for p53-mediated apoptosis but not cell cycle arrest.[@R1] Consistently, p90, a cofactor of Tip60, is required for Tip60-dependent p53 acetylation and, thus, specifically promotes p53-mediated apoptosis.[@R2] Interestingly, evidence showed that p53 activity is also regulated by binding partners that do not affect p53 modifications. For example, ASPP proteins interact with p53 and enhance the DNA binding and transactivation function of p53 on the promoters of pro-apoptotic genes, such as Bax and PIG-3.[@R3] Similarly, p53β preferentially enhances p53 transcriptional activity on the Bax but not p21 promoter.[@R4] In addition, hCAS/CSE1L, a factor identified in the p53 transcription complex, specifically associates with the PIG-3 promoter to induce p53-mediated apoptosis.[@R5] By contrast, BRCA1[@R6] and HZF[@R7] direct p53-dependent transactivation of pro-arrest target genes over pro-apoptotic target genes.

Recently, we found that DEC1, a target of the p53 family and a basic helix-loop-helix (bHLH) transcription factor, modulates p53-depedent cell survival vs. cell death in response to genotoxic stress.[@R8] In addition, DEC1 is capable of inducing cell cycle arrest in a p53-independent manner.[@R9] As a transcription factor, DEC1 is able to repress gene expression through class B E-box elements, but activate gene expression through Sp1 sites.^10^ However, DEC1 does not regulate p53 expression. Instead, DEC1 specifically attenuates p53-dependent transactivation of MIC-1, but not other p53 target genes, including two cell cycle regulators (p21 and GADD45α), four pro-apoptotic genes (Puma, Bax, PolH and FDXR) and Mdm2. Consistent with this, knockdown of DEC1 enhances p53-dependent induction of MIC-1 and apoptosis in response to DNA damage. Moreover, upon knockdown of MIC-1, the effect of DEC1 knockdown on p53-dependent cell death is abrogated. These findings suggest that DEC1 forms a feedback loop with p53 to control the response of DNA damage-induced cell survival vs. cell death via MIC-1.

To characterize the mechanism by which DEC1 differentially affects the ability of p53 to regulate its target genes, we found that DEC1 associates with the p53 tetramerization domain through its bHLH motif. Importantly, we noticed that the distance between the DEC1-RE and p53-RE on the MIC-1 promoter is only 17 nt, but more than 280 nt on the p21 and Mdm2 promoters. ChIP and ChIP-reChIP assays showed that DEC1 binds to the MIC-1, p21 and Mdm2 promoters but co-localizes with p53 only on the MIC-1 promoter. In addition, DEC1 preferentially suppresses p53 binding to the MIC-1 promoter upon DNA damage. Thus, we hypothesize that both DEC1 and p53 have to bind to the same promoter in close proximity to allow DEC1-p53 interaction, which is prerequisite for DEC1 to decrease p53 DNA-binding affinity and consequently reduce MIC-1 expression ([Fig. 1](#F1){ref-type="fig"}). This unique regulatory loop between DEC1 and p53 provides a clue for investigating other p53 target genes potentially regulated by DEC1.

![**Figure 1.** A model for DEC1 to differentially modulate p53-dependent gene expression. Upon binding to the p53-responsive element (p53-RE), p53 induces an arrary of pro-survival and pro-apoptotic genes, including p21, Mdm2, Bax, MIC-1 and DEC1. Since the p53-RE is adjacent to the DEC1-RE on the MIC-1 promoter, p53 and DEC1 interact tightly on the MIC-1 promoter, which then weakens the ability of p53 to bind to the MIC-1 promoter and consequently p53-induction of MIC-1. By contrast, due to a large space between the DEC1-RE and the p53-RE on the promoters of other p53 target genes, including p21, Mdm2 and Bax, the interaction between DEC1 and p53 on the target gene promoters is too weak to inhibit p53 DNA-binding activity. Therefore, DEC1 does not inhibit the ability of p53 to induce p21, Mdm2 and Bax. Together, we hypothesize that DEC1 forms a feedback loop with p53 to control the response of DNA damage-induced cell survival vs. cell death via MIC-1 and that dysregulation of DEC1 alters the sensitivity of tumors to cancer therapies via the p53-DEC1-MIC-1 loop.](cc-11-3525-g1){#F1}

p53 is frequently mutated in tumors, and most tumor-derived p53 mutations are located in the DNA-binding domain but not the tetramerization domain. Importantly, tumor-derived p53 mutants have gain-of-function activities contributing to tumorigenesis and chemotherapeutical resistance. Since p53 tetramerization domain is found to interact with DEC1, it is likely that DEC1 and mutant p53 physically interact on a promoter that carries DEC1-RE and mutant p53-RE. Thus, it would be of great interest to examine whether DEC1 modulates the function of mutant p53 in tumor progression and the resistance of tumors to therapy. In addition, as a member of the p53 family, p63 and p73 share a high-sequence identity with p53 in the tetramerization domain along with the transactivation and DNA-binding domains. Interestingly, p63 and p73 not only possess p53-like functions in tumor suppression, but also play a key role in development. Thus, it would be interesting to examine whether DEC1 physically interacts with p63 and p73 on a promoter that carries DEC1-RE and p53-RE, and whether DEC1 modulates the function of p63 and p73 in tumor suppression and development.
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